Ceramic Foams from Pre-ceramic Polymer 
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Aerothermal performance 


Current light weight insulation (acreage TPS) 
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on orbit repair technology 


Ceramic Foam Research 
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Near net shape fabrication 


Potential Advantages of Ceramic Foams Derived 

from Polymeric Precursors 

Tailor foam microstructures: 
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Low fabrication temperatures for ceramic materials (amorphous) 

Able to tailor microstructure and composition - formation of high purity materials 


Foam Processing Routes 
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Using appropriate surfactants 
Using appropriate sacrificial fillers 



' Foam Processing using Sacrificial Blowing Agent 

Polyurethane (PU) Configuration 

In general, polyurethane foams form cells with a polygonal-dodecahedron configuration 
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Foam Processing using Sacrificial Fillers 
(Sacrificial Filler: Polymers or Starches) 







Foam Processing using Sacrificial Fillers 
(Sacrificial Filler Burn Out Characteristics) 
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Foam Processing using Sacrificial Fillers 
Yield of Pyrolysis Products Obtained 
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Phase Evolution of Pyrolysis Products 



Pyrolysis product is amorphous or nanocrystalline at lower 
processing temperatures (< 1500°C) for all preceramic polymers 
Crystalline at higher processing temperatures 



Density of Ceramic Foams 
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• Possible to process foams of varying densities in both the 
polycarbosilane and polysilazane systems 

— Cell size is constant for a given filler at varying densities, however 
jpg) strut thickness changes with density 




Oxidation Behavior of Foams 
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pact Damage of Microcellular Foams 








Impact Damage of Microcellular Foams 
(Post Oxidation Behavior) 



Residual carbon present in foams from both pyrolysis product and filler decomposition product 
All samples experience weight loss (15 to 30%) due to residual carbon removal after oxidation 
Slight decrease in impact damage volume after removal of residual carbon 




Near Net Shape Processing of 
Macrocellular Foams 
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Can approach zero shrinkage with appropriate filler addition 
Reactive atmospheres lead to increased conversion of reactive fillers 


Summary of Foam Properties 
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Foams are isotropic in behavior 



Aerothermal Performance of Foams 
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exposure, larger samples, and additional foam 
formulations. 








Potential for use in TPS and other applications e.g. filters and 
catalyst carriers 



